In the recent times, test of Lorentz Invariance has been used as a means to probe theories of physics beyond the standard model. We describe a simple way of utilizing the polarimeters, which are a critical beam instrument at precision and intensity frontier nuclear physics labs such as the erstwhile Stanford Linear Accelerator Center (SLAC) and Jefferson Lab (JLab), to constrain the dependence of vacuum dispersion with the energy of the photons and its direction of propagation at unprecedented level of precision. We obtain a limit of minimal Standard Model extension (MSME) parameters: κ 2 X + κ 2 Y < 4.6 × 10 −10 and
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Introduction
Lorentz invariance was first introduced to explain the constant speed of light in all reference frames [1] , but has formed the corner stone of modern standard model. Testing the Lorentz invariance rigorously is thus a very interesting research activity. There are direct tests of Lorentz invariance mostly involving studying the dependence of vacuum dispersion on a number of other physical properties such as its energy. According to the CPT theorem, the joint Charge-Parity-Time symmetry has to hold for all processes governed by a Lorentz invariant theory and vice-versa [2] . Therefore, in particle and nuclear physics probing violations of CPT symmetry has been a means to test Lorentz invariance. Nuclear and particle physics methods often involve indirect tests of Lorentz invariance by measuring violations of CPT symmetry either by studying the joint CPT symmetry or by studying a subset of the CPT symmetry, such as CP symmetry violation or T symmetry violation independently.
Certain beyond the standard model (BSM) theories have been known to break CPT symmetry and Lorentz symmetry by extension. Ref. [3] lists all known BSM theories that break CPT and Lorentz symmetry to date, while Ref. [4] lists all the experimental limits on violation of CPT and Lorentz symmetry to date. The BSM theories define and make use of additional parameters currently not in the standard model and often these new parameters are called BSE parameters.
Compton scattering, which is currently the only way of continuously monitoring electron beam polarization precisely has spawned Compton polarimeters at each of the labs using polarized electron beam to probe nuclear matter such as SLAC, JLab, LEP, DESY, NIKHEF and MIT-Bates. Compton polarimeters have been demonstrated to achieve precision better than 1% [5] . The high degree of precision of Compton polarimeters allows precise measurement of vacuum dispersion competitive with the current leading limits at the photon energy of the back scattered photon. The continuous operation of these polarimeter over long periods allows investigation of the sidereal variation of the vacuum dispersion. The measured values of vacuum dispersion can also be used to obtain upper limits on the SME parameters.
Method 2.1 Determination of refractive index of free space
Usually the variation in vacuum dispersion is studied as a variation in the refractive index of vacuum. If the vacuum dispersion was constant w.r.t to a varying parameter, such as photon energy, the refractive index of vacuum is 1. For Compton scattering of electrons with initial energy 0 and mass m e , on photons with initial and final energy and angle ω 0 , θ 0 and ω, θ respectively, the Compton scattering cross section and longitudinal asymmetry are given by [6] :
Where r e = αhc/m e c 2 = 2.817 × 10 −15 m, is the classical electron radius, ρ = ω/ω max is the scattered photon energy normalized to its maximum value, and a = 1 1+4ω 0 0 /m 2 e is a kinematic parameter. As demonstrated in Ref. [7] , Compton scattering is very sensitive to tiny deviations of the refractive index from unity due to an amplification by the square of the initial Lorentz boost (γ 0
2 ]), energymomentum conservation gives [8] ;
where
)/m e . In the Compton polarimeter, the scattered electrons are momentum analyzed by a dipole magnet and detected on a position sensitive detector which measures the deflection of the scattered electrons with respect to the unscattered electrons. If the refractive index is independent of ω, the effect of any deviation of the refractive index from unity can be incorporated into the Compton cross section and longitudinal asymmetry by modifying the scattered photon energy normalized to its maximum value, ρ → ρ(n) as [7] ,
where the kinematic function
2 ). The longitudinal asymmetry can then be re-written to incorporate the deviation of the refractive index from n = 1 by replacing ρ by ρ(n) in Eq. 2. The new modified asymmetry is then fit to the measured asymmetry with three parameters; the product of electron beam and laser polarizations, P e P γ , the strip location of the Compton edge, N CE and 2γ 
Determination of limits on SME parameters
MSME provides a number of ways to allow Lorentz and thus CPT violation [9] . The leading MSME coefficient which causes direction and polarization dependent vacuum dispersion is k F [10] . In this sub section, we will try extract the upper limit on theκ 0 + components of κ F , which is a 3×3 antisymmetric matrix. Using MSME, the dispersion relation for photon in terms of κ can be written as;
ω is the energy of the photon and, K is the 3-momentum of the photon. Here Z-direction is parallel to the axes of rotation of the Earth. Using energy conservation in Compton scattering and the above relations, one could write the index of refraction of free space as;
wherep(t) is unit vector along the 3-momentum of electron beam which for JLab Hall-C was 0.13cos(Ωt), 0.87sin(Ωt), 0.48 , K = 2.32 eV is the momentum of the photon beam, | p| = 0 = 1.157GeV is the electron beam energy, γ = 2280 is the Lorentz boost of the electrons and Ω = 2π/(23h56m) is the frequency of rotation of the Earth. Finally Eq. 5 can be numerically expressed by disregarding the phase offset. Furthermore, given that the JLab Compton polarimeter ran for almost 2 years, one could also study the variation of the refractive index of vacuum as a function of sidereal time and compare it to Eq. 5. Fig. 1 (right) shows a plot of this variation fit to a pure sinusoid wave with a frequency of Ω, amplitude of (0.3 × 10 −10 ± 0.2 × 10 −9 ), and an offset of (0.16 × 10 −8 ± 0.02 × 10 −8 ), with χ 2 = 1.24 from 22 d.o.f. With a value of sinusoidal fit amplitude being constrained at the 95% confidence level to < 0.4 × 10 −9 , one could impose a limit on κ 2 X + κ 2 Y < 4.6 × 10 −10 from Eq. 5.
Conclusion
On averaging the values of n obtained from the least squares fit to each data set in FIG. 1 (Left) , we obtain a value of n = 1 + (2.44 × 10 −9 ± 6.82 × 10 −9 ). While this is a zero result, a small non-zero value for vacuum dispersion could be explained by the effects of general relativity [11] . A limit of κ 
